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Abstract
Zygapophyseal joints (or facet joints), are a plane synovial joint which located between the articular facet processes 
of the vertebral arch which is freely guided movable joints. Ten dried vertebrae were used for the lumbar region and 
taking (L4) as a sample to reveal stress pathways across the joints by using ANSYS program under different loading 
conditions which used Finite Elements Analysis model. Results obtained from the ANSYS program are important in 
understanding the boundary conditions for load analysis and the points of stress concentration which explained from the 
anatomical point of view and linked to muscle and ligament attachments. This model used as a computational tool to 
joint biomechanics and to prosthetic implant analysis.
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1. Introduction
The  functional  unit  of  the  vertebral  column 
consists  of  two  adjacent  vertebral  bodies,  an 
intervertebral  disc  and  two  zygapophyseal  joints. 
This unit is called motion segment. The size and 
angulations  of  the  vertebral  processes  vary 
throughout  the  spinal  column.  This  changes  the 
orientation of the facet joints, which limit range of 
motion in the different spinal regions.  The facet 
joints and discs provide about 80% of the spine's 
ability to  resist  rotational torsion  and shear, with 
half of this contribution from the facet joints. The 
facet joints also sustain up to approximately 30% of 
the  compressive  load  on  the  spine,  particularly 
when the spine is in hyperextension (1995) [1].
Kim-Kheng Lee et al. (2002) [2], study a three-
dimensional  geometrical  and  mechanical  accurate 
finite element model of human lumbar spine (L2/L3) 
was  developed  from  3D  geometrical  data  of 
embalmed  lumbar  spine  (L2/L3)  obtained  using  a 
highly  accurate  touch-probe  digitizer.  The 
methodology  developed  for  the  3D  digitizing 
process provides an alternative method in capturing 
the  highly  irregular  bony  structure  of  spine  as 
compared  to  commonly  used  CT  scan  image  by 
other investigators. Having a realistic and validated 
mathematical  model  of  the  spine  would  further 
establish itself a useful adjunct to the experimental 
approaches  for  investigating  clinical  problems  of 
the spine and may be used to predict biomechanical 
responses  of  the  spine  under  physiological  and 
trauma loadings.
Mohammad H. Kargarnovin et al. (2005) [3], in 
his  study,  primarily  by  employing  the  CT  scan 
technique  the  image  of  an  actual  (L4-Disc-L5) 
motion segment of the lumbar spine is constructed. 
In the next step, these images are transferred to an
AutoCAD environment and each surface is divided 
into  number  of  rectangles.  These  rectangles  on 
parallel  adjacent  planes  were  joined  together  to 
comprise  the  eight  nodded  brick  type  finite 
elements.  When  these  finite  elements  are  formed 
throughout the media, then stress analysis is carried 
out. Results obtained from this model are compared 
with  results  of  other  investigators,  where  good 
agreements are observed. Moreover, the developed 
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one segment model of (L3-disc-L4) is used to model 
the two segments model of (L3-disc-L4-disc-L5).
The  lumbar  vertebrae  are  much  stouter  and 
stronger than those in either the thoracic or cervical 
regions.  The  Lumber  articular  processes  project 
upwards and downwards from the region where the 
pedicle joins the lamina. The articular facets on the 
superior process are concave transversely and flat 
vertically,  facing  posteromedially.  The  inferior 
articular processes are set closer together than the 
superior  and  have  facets  which  are  reciprocally 
curved to face anterolaterally (1998) [4]. 
Mechanical forces acting on the vertebrae are; 
tension force, compression force, shears force and 
torque.  In  the  spine,  the  ligaments  are  loaded  in 
tension.  Tensile  forces  also  occur  in  the 
intervertebral disc during the rotational movements 
of  flexion,  extension,  axial  rotation,  and  lateral 
flexion  (Fig.1).  The  nucleus  tends  to  bear  the 
compressive  load,  and  the  annular  fibers  tend  to 
bear the tensile loads (1992) [5].
Fig.1. The intervertebral Disc and Facet Joint During 
Flexion-Extension Movement.
Compressive  loads  applied  in  flexion  tend  to 
cause anterior collapse of the endplate or vertebral 
body,  where  the  bony  structure  is  weaker.  With 
compressive  loads  applied  in  extension,  a 
significant  percentage  of  the  compressive  load  is 
transmitted through the facets, leading to capsular 
injuries (2005) [6]. Living things are also subjected 
to shear forces, the facet joints and the fibers of the 
annulus fibrosus  resist  shear  forces  in  the  spinal 
motion  segment.  Under  normal  physiologic 
conditions, the facets can resist shear forces when 
they are in contact. If, however, the disc space is 
narrowed by degeneration with subsequent thinning 
of the disc, abnormally high stresses may be placed 
on  the facet  joints,  and the limit of  resistance  to 
such forces is not well documented (1992) [7]. In a 
curved  structure,  such  as  the  spine,  bending  also 
occurs when a torque load is applied.
Adams  and  Hutton  disagreed  demonstrated  that 
primarily the facets resist the torsion of the lumbar 
spine and that the compressed facet was  the  first 
structure to yield at the limit of torsion. Others have 
performed  experiments  that  further  suggest  and 
support  that  the  posterior  elements  of  the  spine, 
including  the  facet  joints  and  ligaments,  play  a 
significant role in resisting torsion (1981) [8].
2. Experimental Method
ANSYS finite element analysis software enables 
engineers  to  perform  the  important  task;  do 
prototype  testing  in  environments  where  it 
otherwise  would  be  difficult  or  nonlinear  in 
geometry (for example, biomedical applications).
The first step in ANSYS programs is the model 
generation. In this study, importing a model created 
in  a  computer-aided  design  (CAD)  system 
(geometry  of  L4 vertebra  built  in  AutoCAD 
program) (2005) [9].
Fig.2. A) ANSYS Show the Volume of Lumbar Model 
(L4),  Side  View.  B)  ANSYS  Show  the  Meshing  of 
Lumbar Model (L4), Side View.
The model imported to the ANSYS as IGES file 
which is consist numbers of areas, then these area 
converted  to  number  of  volumes  as show  in 
Fig.(2a).
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Available element type was chosen linear order 
element  (Solid/Brick  8node  45)  and  the  analysis 
type is static (study-state) see Fig. (2b). 
The materials properties taking as linear elastic 
isotropic materials with (ν=0.3 & Ε=9 GPa) (2002) 
[10].
The body weight and displacement consider as 
a boundary conditions Fig. (3). Displacement at z 
= 0, because the model is symmetry. Percentage of 
the body weight on the L4 ≈ 54% (1990) [11].
The  boundary  forces  of  lumbar  model  are 
represented  by  muscles  and  ligament  forces 
attached to the bone in addition to the body weight 
Fig. (4). the basic equation of moment equilibrium 
was used to calculate these forces.
     ΣMO=0                                                       …(1)
where O is the center of rotation. 
The  muscle  forces  activate  on  the  lumbar 
vertebrae (L4) during static position as follows in 
Table (1) (1996) [12].
Fig.3.  ANSYS  Show  the  Boundary  Conditions  of 
Lumbar Model (L4).
Fig.4. Free Body Diagram for Lumbar Vertebrae with Muscle Attachments
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Table 1,
The  Calculated  Muscle  Forces  Acting  on  (L4) 
Vertebrae.  LT:  LONGISSMUS  Thoracic.  IC: 
Iliocostalis  Lumborum.  MF:  Multifidus.  QL: 
Quadratus Lumborum (1996) [12].
Body 
weight 
(kg)
54% Body 
weight on L4
vertebrae (N)
LT (N) IC (N) MF (N)
75 397.30 0.024 0.062 0.187
100 529.74 0.032 0.083 0.249
125 662.17 0.040 0.104 0.312
3. Result Description
There  are  a  lot  of  methods  for  results 
description, but we used the (Contour values).This 
technique uses the  eight color codes to represent 
the results. The contours colors represent the range 
of  the  stresses,  from  the  low  value  to  the  high 
value. 
Chose the three body weights (75kg, 100kg, and 
125kg) to describe the applied forces on the lumbar 
model  (L4) as  follows  in  Table  (2).  The  stress 
results were represented as a Von Mises stress in 
Fig.(5a, 5b, 5c).
Table 2,
Summary of Von Mises Stress of L4.
Regions Von Mises Stress (MPa)
75kg 100kg 125kg
The facet surface 0.179 0.265 0.515
Edges of the facet area 0.233 0.435 0.870
Superior surface of the 
body
0.292 0.398 0.678
Posterior surface of the 
body
0.451 0.615 0.754
Upper  surface of the 
pedicle
0.687 0.924 1.082
Lower surface of the 
pedicle
0.695 0.959 1.237
Fig.5. A) Von Mises Stress for 75kg Body Weight of the Medial View of L4. B) Von Mises Stress for 100kg Body 
Weight of the Medial View of L4. C) Von Mises Stress for 125kg Body Weight of the Medial View of L4.
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4. Discussion
Over the years, mathematical modeling (such as 
finite  element  method)  has  established  as  a 
complementary  to  experimental  approach  in 
investigating clinical problems of the spine as well 
as  predicting  the  biomechanical  behavior  (2002, 
1995)  [2,  13].  Common  method  used  for  mesh 
geometry  by  investigators  is  by  stacking  coronal 
and  sagittal  computed  tomography  (CT)  images 
sequentially to  develop  and discrete the 3D  solid 
model. With this method, the finite element model 
could not well represent the geometry of the highly 
irregular vertebra, especially its posterior  element 
(2002, 2001) [2, 14]. Using CAD system to import 
the spine geometry into finite elements model, was 
improved  the  mesh  quality  as  compared  to  the 
model created from CT images (1995) [13].
Because the load transmitting from the cervical 
region  to  the  lumbar  region;  so,  the  lumbar 
vertebrae supporting the maximum load and body 
weight (2001) [15]. Some of the verifications for 
the  lumbar  vertebrae  in  the  journals  was 
concentrated on L5 but in our analysis taken L4 as a 
sample  to  apply the  model analysis and to  know 
more  biomechanical  application  about  L4    (1992, 
1990) [7, 11].
The analytic result underscores the role of disc 
as  major  compression-carrying  component  of  the 
spine with the remaining portion supported by the 
facet  (2002)  [2].  The  results  noticed  that  the 
maximum von  mises stress on  the surface of  the 
posterior elements joints means the area with high 
normal  stress  (σ)  and  shear  stress  (τ).  While  the 
area of the extreme superior vertebral body surface 
and  the  facet  surface  noticed  that  minimum  von 
mises stress occur by the compression stress (2005, 
2000) [16, 17].  
In  normal  upright  posture,  the  lumbar  spine 
curves  backwards.  The  vertebrae  are  therefore 
situated at angles to the horizontal, and gravity not 
only  causes  a  compressive  axial  force  along  the 
spine, but also induces a shear force wanting to pull 
the vertebrae forward over each other. Compressive 
forces  are  shared  by  the  vertebral  bodies  and 
intervertebral discs, and shear forces are shared by 
the  discs  and  spinal  ligaments.  It  has  been 
estimated  that  the  posterior  elements  carry 
approximately 16% of the total load when a person 
is standing upright (1997) [18].
The facets and other posterior elements have a 
load-bearing function to help support the weight of 
the upper body and anything that it carries, and are 
also acted upon by spinal muscle forces. The facet 
load  is  the  main  force  acting  on  the  neural  arch 
(1998)  [19].  Loading  of  the  inferior  articular 
process and bending in the pars cause high stresses 
because the pars is the narrowest part of the neural 
arch, i.e., has the smallest cross-sectional area with 
which to resist load (2000) [17]. 
The vertebral body of the lumbar spine expose 
to  more  applied  compressive  force  which  is  the
maximum stress was shifted from the centre to the 
posterior  position.  The  stresses  in  the  core  then 
decrease,  with  the  shell  absorbing  larger  loads 
(2005) [3].  The tendency of  L4 and  L5 to be  the 
most susceptible to fractures is due in part to the 
fact that they are so low in the spine and therefore 
must carry more loads from the upper body than 
vertebrae higher up (1997) [18].
The  modelling  of  the  complex facet geometry 
and proposed algorithm for articulation has resulted 
in  good  agreement  with  reported  results  (  2005, 
1981) [3, 8] and would be interesting to extend it to 
other  loadings  for  which  the  facets  play  a  more 
active  role  in  restraining  the  motion  and 
transferring the load. Realistic clinical-related cases 
pertaining  to  facet  joints  would  thus  be able  to 
achieve with the accurate representation of the facet 
geometry and articulation algorithm built into the 
FE model (2002) [2]. 
The vertebral body of the lumbar spine appears 
as the same level with vertebral arch in the ANSYS 
program, in addition to narrow the vertebral body 
in  model  analysis.  Because  the  geometry  of  the 
posterior element  of the vertebra  is very difficult 
when build by AutoCAD system. 
In  our  model,  the  vertebra  was  irregular 
symmetric  geometry  for  this  reason  used  half 
lumbar  vertebra  (which  take  RAM  2GB  memory 
size with CentrinoDuo processor) in stress analysis 
in addition to this reason, the whole shape of the 
vertebra takes RAM 4GB memory size or more and 
higher  processor  (used  advance  computers  or 
expensive full option laptops).  
5. Conclusion
 The geometry build by any CAD system, is the 
easier  method  than old CT system (6,  10, 16 
slice) to create any irregular shape like lumbar 
vertebrae, then  imported  to  the  ANSYS 
program to give precise results.
 The new models of CT system (32, 64, 128, 256 
slice) which have  the  3D options can uses in 
future  work  to  build  the  complex  irregular 
shapes (like the vertebra).
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 Although  the  advanced  system  give  high 
accuracy  in  application  but  not  used  in  our 
model analysis because very expensive.
 The results from von mises stress demonstrated 
the articular facet joint shared in 15-20% from 
body  weight  and  support  the  vertebral  body 
during compression load. 
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